The present study examines the dynamic interactions among macroeconomic variables such as real output, prices, money supply, interest rate and exchange rate in India during the preeconomic crisis and economic crisis periods, using the ARDL bounds test for cointegration, Johansen and Juselius (1990) multivariate cointegration test, Granger causality/Block exogeneity Wald test based on Vector Error Correction Model, variance decomposition analysis and impulse response functions. The empirical results reveal a stronger long-run bilateral relationship between real output, price level, interest rate and exchange rate during the pre-crisis sample period. Moreover, the empirical results confirm a unidirectional shortrun causality running from price level to exchange rate, interest rate to price level and real output to money supply during the pre-crisis period. Also, it is evident from the test results that there exist short-run bidirectional relationships running between real output and exchange rate, price level and interest rate in the pre-crisis era. In addition, the feedback relationship is also observed between interest rate and exchange rate variables in the shortrun. Most importantly, long-run bidirectional causality is found between real output, exchange rate and interest rate during the economic crisis period. And the study results indicate short-run bidirectional causality between money supply and exchange rate, interest rate and price level and interest rate and output in India during the crisis era. Also, a shortrun unidirectional causality runs from prices to real output in the crisis period.
I. Introduction
The relationship among money supply, income and prices has long been a subject of controversy between the Keynesian and monetarist schools of thought. Different schools of economic thought have postulated various theories on relationships between macroeconomic variables. The classical school explained that a change in prices is basically due to changes in money supply. However, Keynesians criticised and rejected the proportionality between money supply and prices due to its instability in explaining the causes and remedies for the great economic debacle like Great Depression of 1930s. The Keynesians held the view that money does not play an active role in changing income and prices nor does it causes instability in the economy. They postulated that changes in income causes changes in money stock via demand for money implying that the direction of causation runs from income to money, not vice versa. Monetarists, on the other hand, argued that money plays an active role and leads to the changes in income and prices. There is unidirectional causation that runs from money to income and prices. Moreover, Fischer (1962) claimed the possibility of reverse causation and concluded that there is mutual interaction between money and other macro-variables. Friedman and Schwartz (1963) also supported this argument by stating that though the influence of money to economic activity is predominant, there is also the possibility of influences running the other way (at least in the short run). The Banking school also supported the reverse causation between money and income, thereby arguing for endogeneity of money supply (Froyen, 2004) .
As a consequence of conflicting theoretical debate, the relationship has been extensively investigated in empirical literature by researchers for both developed and developing countries over different sample periods and provided the conflicting evidences on this issue. Examples include Ramachandra (1986) , Miller (1991) , Friedman and Kuttner (1992) , Ramachandran and Kamaiah (1992) , Stock and Watson (1993) , Boucher and Flynn (1997) , Brahmananda and Nagaraju (2003) , Ramachandran (2004) , Jamie (2005) , Herwartz and Reimers (2006) , Majid (2007) , Saatcioglu and Korap (2008) , Jiranyakul (2009 ), Rami (2010 , Maitra (2011) , Hossain (2011) , Yadav and Lagesh (2011) , Shams (2012) and Sohail et al. (2012) . and real sector variables. It is worth emphasizing that the empirical issue of money, price, output, exchange rate and interest rate relationships is of crucial importance to the Indian economy given the current economic environment. The present study assumes greater significance for effective implementation of its monetary policy and achieves the desired target of growth keeping stability of prices and exchange rates. Further, since global economic crisis of 2008, no study exists in India which had examined the causal directions among macroeconomic variables in the context of recent ongoing global economic crisis. In this paper, we attempts to investigate the causal nexus between money, income, price, interest rate and the exchange rates in India during pre-global economic crisis and crisis era.
The remainder of our paper is organized as follows. Section 2 presents methodology and data of the study. The empirical results and discussion are provided in section 3 and section 4 presents concluding remarks.
II. Methodology and Data

ARDL bounds testing approach to Cointegration
The ARDL bounds testing approach was employed to investigate the long-run equilibrium relationship among the selected macroeconomic variables in India during the pre-crisis period. The ARDL modeling approach was originally introduced by Pesaran and Shin (1999) and further extended by Pesaran et al (2001) . This approach estimates the shortand long-run components of the model simultaneously, removing problems associated with omitted variables and autocorrelation. Besides, the standard Wald or F-statistics used in the bounds test has a non-standard distribution under the null hypothesis of no-cointegration relationship between the examined variables, irrespective whether the underlying variables are I(0), I(1) or fractionally integrated. Moreover, once the orders of the lags in the ARDL model have been appropriately selected, we can estimate the cointegration relationship using a simple Ordinary Least Square (OLS) method. The ARDL-Unrestricted error correction model used in the present study has the following form as expressed in Equation (1): InY  InY  InY  InY  InY   1  1  1  1  1   5  5  4  4  3  3  2  2  1  1  0 5  5  4  4  3  3  2  2  1  1   (5) where, Y1, Y2, Y3, Y4 and Y5 represents selected macroeconomic variables for the study such as exchange rate (EX R), money supply (M3), price level (CPI), index of industrial production (IIP) and interest rate (IR), respectively. t is the time dimension and ∆ denotes a first difference operator; β0 is an intercept and εt is a white noise error term.
The first step in the ARDL bounds testing approach is to estimate Equations (1-5) using ordinary least squares method in order to test for existence of a long-run relationship among the variables by conducting an F-test for the joint significance of the coefficients of the lagged level variables, i.e., H0: δ1=δ2=δ3=δ4= δ5 = 0 against the alternative H1: δ1 δ2 δ3 δ4  δ5  0, which normalize on Y1 by F(Y1/Y2, Y3, Y4, Y5). Two sets of critical value bounds for the F-statistic are generated by Pesaran et al (2001) . If the computed F-statistic falls below the lower bound critical value, the null hypothesis of no cointegration cannot be rejected. Contrary, if the computed F-statistic lies above the upper bound critical value; the null hypothesis is rejected, implying that there is a long-run cointegration relationship amongst the variables in the model. Nevertheless, if the calculated value falls within the bounds, inference is inconclusive. Similar testing procedure was followed to calculate the Fstatistic when each of Y2, Y3, Y4, Y5 appear as a dependent variable and other variables are considered as explanatory variables in the specification. Johansen and Juselius (1990) multivariate cointegration approach was employed to investigate the long-run equilibrium relationship among the selected macroeconomic variables in India during the crisis period. Before doing cointegration analysis, it is necessary to test the stationary of the series. The Augmented Dickey-Fuller (1979) test was employed to infer the stationary of the series. If the series are non-stationary in levels and stationary in differences, then there is a chance of cointegration relationship between them which reveals the long-run relationship between the series. Johansen's cointegration test has been employed to investigate the long-run relationship between the variables. Besides, the causal nexus between selected macroeconomic variables was investigated by estimating the following Vector Error Correction Model (VECM) (Johansen, 1988 and Johansen and Juselius, 1990) :
Johansen and Juselius (1990) multivariate cointegration approach
where ΔYt is (n x 1) vector of macroeconomic variables such as money, income, price, interest rate and the exchange rates in period t, µ is (n x 1) vector of constant terms, Γi (i = 1, …..k-1) represents the (n x n) coefficient matrix of short-run dynamics, Π is the n x n longterm impact matrix, and ε1t is (n x 1) vector of error term and it is independent from all explanatory variables. When cointegration is present, we can decompose the long-term response matrix into A = αβ', where α and β are n x r matrices. In other words, the expression β' Yt-1 defines the stationary linear combinations (cointegration relations) of the I(1) vector Yt, while the matrix α of the error correction terms describe how the system variables adjust to the equilibrium error from the previous period, β' Yt-1. The Johansen's cointegration proposed two test statistics through VAR model that are used to identify the number of cointegrating vectors, namely the trace test statistic and the maximum eigen-value test statistic. These test statistics can be constructed as: 
VE C Granger Causality
The Vector Error Correction Model (VECM) was employed to investigate the temporal causality between selected macroeconomic variables in India during the pre-crisis and crisis period. The Granger Representation Theorem (Engle and Granger, 1987) states that if a set of variables is cointegrated, then there exists a valid error correction representation of the data, in which the short-term dynamics of the variables in this system are influenced by the deviation from long-term equilibrium. In a VECM, short-term causal effects are indicated by changes in other differenced explanatory variables (i.e., the lagged dynamic terms in equation (6)). The long-term relationship is implied by the level of disequilibrium in the cointegration relationship, i.e., the lagged error correction term (ECT).
Thus, in the cointegration model, the proposition of 'Yk not Granger causing Yl' in the longterm is equivalent to αkl = 0. Yl is said to be weakly exogenous for parameter β, i.e., Yl does not react to equilibrium errors. Besides, the proposition 'Yk do not Granger-cause Yl' in the short term is equivalent to Γkl (L) = 0, where L is the lag-operator. Hence, the Vector Error Correction model is useful for detecting short-and long-term Granger causality tests (Granger, 1969) . The VEC Model corresponds to equation (1) can be formulated as follows:
where γ'szt-1 is the error correction term derived from the cointegrating vector. θ, δ, ξ, Ʊ and λ are the short-run parameters to be estimated, p is the lag length, and εt are assumed to be stationary random processes with a mean of zero and constant variance.
For each equation in the VEC Model, we employ short-term Granger causality to test whether endogenous variables can be treated as exogenous by the joint significance of the coefficients of each of the other lagged endogenous variables in that equation. The shortterm significance of sum of the each lagged explanatory variables (θ's, δ's, ξ's, Ʊ's and λ's) can be exposed either through joint F or Wald χ 2 test. Besides, the long-term causality is implied by the significance of the t-tests of the lagged error correction term (ECTt-1).
However, the non-significance of both the t-statistics and joint F or Wald χ 2 tests in the Vector Error Correction Model indicates econometric exogeneity of the dependent variable. (M1) plus time deposits. Consumer price index (CPI), index for industrial production (IIP) and call money rate has been used as proxy variables for prices, output, and interest rate respectively.
Variance Decomposition Analysis and Impulse Response Function
III. E mpirical Results and Discussion
A perquisite for testing cointegration between macroeconomic variables is that all variables are non-stationary. The Augmented Dickey Fuller (ADF) test is employed to check whether the variables contain a unit root or not. Table 1 report the results of ADF unit root test for the two sample periods, i.e. pre-economic crisis period and economic crisis period.
For the pre-crisis period, the table results confirm that variables, prices (CPI) and interest rate (IR) are stationary at levels and are integrated of order I(0), while index of industrial production (IIP), money supply (M3) and exchange rate (EX R) are integrated of order I (1) i.e. they are non stationary at levels but stationary at first differences. For the economic crisis period, the table result reveals that all the selected macroeconomic variables are found to be stationary at their first differences and are integrated at I(1). The coefficients of lagged error correction term show the speed of adjustment of disequilibrium in the economic crisis period of study. The error correction coefficients for the exchange rate, real output and interest rate are found to have expected negative sign and statistically significant, implying long-run bidirectional causality between exchange rate, real output and interest rate during the crisis period. However, the money supply is found to be neutral and is not influenced by the output, price, exchange rate and interest rate in the longrun. Likewise, the price variable is also not influenced by the output, money supply, exchange rate and interest rate in the long-run. 
IV. Conclusion
This study examines the dynamic interactions among macroeconomic variables such as real output, prices, money supply, interest rate and exchange rate in India during the preeconomic crisis and economic crisis periods, using the ARDL bounds test for cointegration, Johansen and Juselius (1990) Moreover, the empirical results confirm a unidirectional short-run causality running from price level to exchange rate, interest rate to price level and real output to money supply during the pre-crisis sample period. Also, it is evident from the test results that there exist short-run bidirectional relationships running between real output and other selected macroeconomic variables viz. exchange rate, price level and interest rate in the pre-crisis era.
The feedback relationship is also observed between interest rate and exchange rate variables in the short-run.
During the economic crisis period, the cointegration test results confirm a well defined long-run equilibrium relationship among the macroeconomic variables, viz. real output, money supply, prices, exchange rate and interest rate. The long-run bidirectional causality is observed between real output, exchange rate and interest rate during the economic crisis era. Further, the money supply and real output are found to be neutral in the long-run. The study results indicate short-run bidirectional causality between money supply and exchange rate, interest rate and price level and interest rate and output in the economic crisis period. Also, a short-run unidirectional causality runs from prices to real output in the crisis period.
To conclude, our study do not supports monetarists view for the both sample periods. Alternatively, during the pre-crisis sample period, the study findings support the Keynesian view that changes in income lead to changes in the stock of money through the demand for money in the short-run. Therefore, the direction of causation runs from income to money without any feedback. In addition, changes in price level influences the changes in exchange rate and changes in interest rate causes the changes in price level in the short-run during the pre-crisis era. Most importantly, our study shows that prices cause real output in the short-run during the economic crisis period. The study evidences suggest that the Reserve Bank of India has to concentrate on the price level as its central target variable of its monetary policy in order to achieve macroeconomic stability and to promote economic activities in the current economic crisis scenario. .010
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